It is not known whether antihypertensive medications affect orthostatic blood pressure (BP) regulation in the early period after stroke. Knowledge of this may have implications for clinical practice. Methods: A total of 40 acute ischemic stroke patients (mild-to-moderate severity) taking antihypertensive drugs, and 40 patients with acute stroke of similar severity not receiving such drugs were studied. Blood pressure and heart rate were measured while supine, and then for 5 min while sitting up and for 5 min in the standing posture. This was performed Յ3 days poststroke (day 1) and 1 week after the first study (week 1). Results: In both groups of patients on day 1 and week 1, there was no significant fall in mean arterial pressure and heart rate after sitting up and standing up. Logistic regression analysis showed that only cardiac dysfunction
A cute cerebrovascular disease frequently causes disturbances of the cardiovascular and autonomic nervous systems. These include raised circulating catecholamine levels, parasympathetic nervous system hypofunction, transient hypertension, and impaired regulation of circadian blood pressure (BP) and heart rate variation. 1 However, published data on orthostatic BP regulation in acute stroke are limited, especially in elderly subjects.
Stroke occurs predominantly in elderly individuals, who are prone to orthostatic BP falls due to effects of aging and comorbidity on cardiovascular regulation. 2 Postural hypotension in this age group can reduce cerebrovascular blood flow and carries considerable morbidity from dizziness and falls. 3 Furthermore, cerebral perfusion in acute stroke is directly related to systemic BP because cerebrovascular autoregulation is impaired. 4 We recently reported that orthostatic BP in elderly patients immediately following mild or moderate stroke is usually maintained. 5 However, the effect of antihypertensive medications on orthostatic BP control immediately after stroke is unknown. Postural BP falls in acute stroke may further impair cerebrovascular blood flow and may increase stroke size or hinder recovery. Knowledge of the effect of vasoactive drugs on postural BP regulation in acute stroke may have implications for clinical practice. The aim of the present study in acute stroke patients admitted to the hospital was to compare postural BP changes in patients who were taking antihypertensive drugs with those not taking such drugs.
Methods

Subjects
Patients aged Ն65 years with mild or moderate ischemic stroke (Canadian Neurological Scale 6 score Ͼ65) who were admitted to hospital Յ24 h of stroke onset (World Health Organization definition) were eligible for the study. Patients had to be conscious and cooperative, with preserved sitting balance, previously mobile, and living at home (preadmission Modified Rankin scale score Յ3), and must have no prior history of dizziness or falls. Patients were included whether they were on antihypertensive medication ("treated group") or not ("untreated group"), provided that no changes were made to any antihypertensive therapy between admission and the period of study. Patients were also included in the treated group if they were taking hypotensive drugs for indications other than hypertension such as angina.
Patients were excluded if they had hemorrhagic stroke confirmed on computed tomographic scanning, had comorbidity affecting BP regulation (such as diabetes mellitus or Parkinson's disease), known history of postural hypotension, myocardial infarction in the previous 3 months, severe heart failure (New York Heart Association grade III or IV), atrial fibrillation, urea Ͼ10 mol/L, hemoglobin Ͻ10 g/dL, requirement for antibiotics, or other serious illness. Included subjects were classified as having either normal cardiac function or evidence of cardiac dysfunction (such as known ischemic heart disease such as angina, ischemia on ECG [eg, S-T segment depression, T wave inversion] or New York Heart Association grade II heart failure). Informed consent was obtained from all subjects, and the consent process and experimental procedure were approved by the local ethics committee.
Procedure
Patients were studied within 3 days of stroke onset ("day 1"), and again 4 to 7 days after ("week 1"). Both studies were performed before or Ͼ2 h after a meal. Blood pressure and heart rate were measured using a validated SpaceLabs 90207 BP monitor (SpaceLabs Inc., Redmond, WA). In all subjects the cuff was applied to the nonparetic arm in both studies. On the day of each study, none of the patients wore leg compression stockings.
After 10 min of supine rest, the mean of two successive BP and heart rate readings were recorded. Single BP and heart rate measurements were then taken at 1, 3, and 5 min after moving to the sitting position. After another 10-min supine rest and baseline measurements, recordings of BP and heart rate were taken at 1, 3, and 5 min in the standing position. Patients who were unable to stand independently or with minimal help were not investigated in the standing posture. Any symptoms volunteered during postural measurements were noted.
Analysis
From each BP reading the mean arterial pressure was calculated (mean arterial pressure ϭ diastolic BP ϩ [systolic BP Ϫ diastolic BP]/3), and all of the data were entered into a database. Orthostatic hypotension was defined conventionally as a systolic BP fall Ͼ20 mm Hg and/or a diastolic BP fall Ͼ10 mm Hg on standing. Within-group and between-group comparisons for normally distributed data were made with Student paired and unpaired t tests, respectively. Data not normally distributed were compared with the Mann-Whitney U test.
Analysis of variance (ANOVA) with replication was used to compare data at baseline and at 1, 3, and 5 min. Between-group comparisons of the incidence of orthostatic hypotension were made by the 2 test; Yates correction, and Fisher exact test where appropriate. Logistic regression analysis was used to explore the influence of treatment on orthostatic hypotension independent of other potentially confounding variables.
Results
A total of 80 patients were studied, of whom 68 had hemiplegia or monoplegia and 12 only facial paralysis, language, or mild swallowing impairment. Throughout the study, 40 patients were taking antihypertensive drugs and 40 did not receive such drugs. Of the treated patients, 27 received monotherapy, 12 were on two drugs, and one patient was taking triple therapy. The drugs comprised calcium channel blockers taken by 20 patients, ␤-blockers by 11, diuretics by 10 (seven thiazide, three a loop diuretic in addition to an angiotensin converting enzyme (ACE) inhibitor), ACE inhibitors by nine, doxazosin by two, and hydralazine by one patient.
Characteristics of the two groups are shown in Table 1 ; the treated group was younger, had a higher prevalence of known hypertension and a higher supine BP than the untreated group. For each group of patients, there was no significant difference between the supine measurements before the sitting-up phase and the supine data before the standing-up phase on day 1 or week 1. Between day 1 and week 1, BP fell significantly in the treated group (day 1: 165 Ϯ 24/87 Ϯ 14 mm Hg, week 1: 155 Ϯ 24/83 Ϯ 14 mm Hg, P ϭ .003 and .03, respectively), but not in the untreated group (day 1: 153 Ϯ 24/82 Ϯ 15 mm Hg, week 1: 151 Ϯ 23/79 Ϯ 14 mm Hg).
Postural Hemodynamic Responses
The postural hemodynamic responses are shown in Table  2 . There was no significant fall in mean arterial pressure at any point, either on sitting or standing, in stroke patients receiving or not receiving antihypertensive therapy. Indeed, in the week after stroke, there were significant increases in mean arterial pressure within 5 min of sitting or standing from supine in both treated and untreated groups. An expected significant increase in heart rate was also observed on rising from the supine position in both groups of stroke patients. There was no difference in mean arterial pressure or heart rate on rising from supine position between treated and untreated subjects
Orthostatic Hypotension
On day 1, orthostatic hypotension was observed within 5 min in 11 treated and five untreated patients (P ϭ .09). At week 1, this occurred in five treated and eight untreated patients (P ϭ .36). On logistic regression analysis only cardiac dysfunction was associated with orthostatic hypotension on univariate analysis (odds ratio 4.0, 95% confidence interval 1.2 to 13.4, P ϭ .02), and on multivariate analysis (odds ratio 3.5, 95% confidence interval 1.0 to 13.1, P ϭ .05) independent of age, hypertension, Canadian stroke score, and antihypertensive treatment use. In univariate and multivariate analysis, antihypertensive medication use was not significantly (P ϭ .48) associated with orthostatic hypotension.
Type of antihypertensive therapy had no significant effect on orthostatic hypotension. Of the subjects, 15 were taking calcium channel blockers alone and 12 other monotherapies; there was no difference in occurrence of orthostatic hypotension among users of these treatments (P ϭ .5)
Postural Symptoms
On day 1, seven treated and six untreated patients experienced dizziness during orthostasis. Four treated patients could not complete the standing phase, but all untreated patients were able to do so (P ϭ .07). In the remaining patients who could not maintain 5 min of standing up (see Table 2 ), there was no dizziness or significant BP fall; and the reason for having to refrain from standing was muscle weakness and poor postural control resulting from their stroke. At week 1, seven treated and nine untreated pa- SBP ϭ systolic blood pressure; DBP ϭ diastolic blood pressure; MAP ϭ mean arterial pressure; HR ϭ heart rate. n ϭ number of subjects; other abbreviations as in Table 1 . Numerical values denote a rise from supine data. The P values refer to analysis of variance with replication for reported changes of MAP and HR from supine position.
tients reported mild light-headedness or dizziness while standing, but all of them were able to stand for 5 min without difficulty or need of any support. In all patients, on both days the dizziness or light-headedness were transient, and no patients reported any long-standing symptoms after the procedure.
Discussion
Sudden orthostasis causes an immediate BP fall because of peripheral venous pooling and reduced cardiac output. Normally, feedback from baroreceptors quickly leads to sympathetic nervous system activation and parasympathetic inhibition, with compensatory rises in heart rate and peripheral resistance, which restore mean arterial pressure. In healthy individuals, a hemodynamic steady state is normally reached within 1 or 2 min. 7 In nonstroke elderly patients admitted to hospital, it is common for standing BP to be lower than supine. 8 Usually, orthostatic BP stability is restored in these patients after a week or so, when their acute illness improves. 5 In contrast, the present study has shown that elderly patients in the acute stroke period exhibited little change in mean arterial pressure when sitting or standing up from the supine position. These findings were observed irrespective of whether patients were taking antihypertensive drugs, and was accompanied by a rise in heart rate. Specifically, the use of antihypertensive therapy was not associated with orthostatic hypotension. Only the presence of cardiac disease was of significance in predicting the occurrence of orthostatic hypotension in this group of stroke patients.
Although we did not investigate the underlying physiological mechanisms, an explanation for the maintenance of mean arterial pressure on standing is the prominent hyperactivity of the sympathetic nervous system, which is known to occur in week 1 poststroke. 9 -11 Such an effect may have occurred in the present group of stroke patients, accounting for the significant increase in heart rate on standing. In the weeks after stroke, sympathetic hyperactivity subsides, 12, 13 and postural hypotension becomes more common even in the absence of antihypertensive drugs. 14 -16 In those patients with cardiac disease, it is likely that cardiac output is compromised despite an increase in heart rate, thus increasing the risk of orthostatic hypotension.
One potential limitation of the present study was that intermittent, rather than continuous, hemodynamic recording was used. Although continuous monitoring (for example, using a Finapres device) would enable beat-to-beat hemodynamic monitoring, sustained changes are of more clinical importance. Intermittent, static BP readings have been found to be adequate for detecting such changes, 17 and comparative studies of the two methods showed high accuracy of intermittent readings in detecting postural hypotension. 18 Another methodological aspect of the study was that it did not differentiate between different ischemic stroke subtypes such as cortical, subcortical, lacunar, or brain stem. There are some differences between these subtypes in their effect on sympathetic function, 9, 11, 19, 20 and it is possible orthostatic BP responses may not be the same in all types of stroke.
The results of the present study suggest that early rehabilitation of elderly patients with mild-to-moderate acute ischemic stroke who are taking antihypertensive drugs has a low risk of precipitating significant orthostatic BP falls. It should be noted, however, that patients were excluded who had known orthostatic hypotension, whose stroke was severe, had other significant coexisting illness, or were previously disabled. Such patients may be at greater risk for postural hypotension. 21, 22 Furthermore, significant reductions in cerebral perfusion can occur even with small reductions in systemic pressure, especially in susceptible persons such as those with carotid artery or intracranial arterial stenoses. 23, 24 Of relevance is the finding of orthostatic hypotension in more than one third of patients with carotid artery stenosis. 25 In randomized, acute stroke trials of neuroprotective agents with coexisting hypotensive properties, it was found that reduction in resting systolic pressure of about 10 mm Hg was associated with significantly worse neurological recovery and survival, especially in older patients. 26 -28 Because postural hypotension may exacerbate cerebral hypoperfusion, it is important to identify the subgroup of acute stroke patients who are at risk by routinely taking supine, sitting, or standing BP measurements. Withdrawal of antihypertensive drugs should be considered in these patients. Prospective data suggest that in patients already on antihypertensives, drug withdrawal leads to a significantly reduced prevalence of orthostatic hypotension, 29 but similar studies in stroke patients do not seem to have been published.
